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Passage V

A carkode-ray fube (CRT) is a sealed, evacoated glass
tube with a filament at one end and a fluorescent screen at
the other end (see Figore 1).
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Figure 1

Figura 1 adapted from David Halliday, Robert Resnick, and Jeard
Walker, Fundamentais af Physice, 9th ad, 2011 John Wiley &
Sons, Inc.

When heated, the filament emits cathode rays that are
accelerated by an electric potential, V, toward a barrier
having a pinhole, Bevond the barrier are 2 conductin
E]me;. each of length L, that have an electric held, E,
etween them, (The direction of E can be upward or down-
ward; in Figure 1, it is downward.) Any rays thal pass
through the pinhole travel through the field and strike the
screen, producing a bright spot of visible light.

A group of students performed 3 studies on vanous
CRTs, each of which had a raler taped 1o the outer surface
of the screen (see Figure 1) 1o measure a spol’s vertical
location, ¥ (in centimeters, cm).

Figure 2

Senety [
The students obtained a CRT having L = 2.5 cm, They
et Vo 1.0 kilovolt (kV), varied both the direction and the

magnitude (in newtons per coulomb, M/C) of E, and
recorded the resulting valwes of v (see Table 1).

Tahle 1
E

Trial | direction® | magnitwde (N/C) | v (cm) |
I T 10= 108 -1.2
2 T EIER N —-6.3
3 T 300 10° -9.5
a 1 Lo =10 3.2
5 1 2.0= 10° 6.3
& 4 30x10¢ 9.5

*T = upward
1 = downward

Study 2

Using the CRT from Study |, the students set the mag-
nitude of E o 1.0= ]U‘ MIC, varied V, and recorded the
resulting values of v (see Table 2).

Table 2
Trial | V{EV)} [ ¥{em)
7 5 6.3
B 1.0 32
9 1.3 2.1
10 2.0 1.6
11 25 13

Stuedy 3

The students obtained various CRTs, each having a
different L. For each CRT, they set ¥V to 1.0 kY, set the
magnitude of E to 1.0 = 10° N/C, and recorded the resulting
value of y (see Table 3).

Table 3
Trial | L {em) | ¥i{em)
12 1.5 =20
13 2.0 =2.5
14 25 =32
15 3.0 -3
16 35 -4.4

GO ON TO THE NEXT PAGE.
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Studies 1 and 2 differed i which of the following
ways? In Study 1, the students determined how the
spot™s location varied with:

F. electric potential, whereas in Study 2, they deter-
mined how the spot’s lecation varied with the
magnitude and dircetion of the electric field.

G plate length, whereas in Stody 2, they determined
how the spot's location varied with electric
potential,

H. the magniude and direction of the electric feld,
whereas in Study 2, they determined how the
spot’s location varied with electne potential,

J.  plate length, whereas in Study 2. they determined
how the spot’™s location varied with the magnitude
and direction of the clectric field.

Supposc that the students had performed a trial in
Study 2 in which ¥ was 2.6 em. The value of V in this
trial would most likely have been:

A, less than 1.0 kY

B. between 1.0 kY and 1.5 kY,
C, between 1.5 kV and 2.0kV,
¥ greater than 2.0 kV.

Figure 2 could serve as an illostration of the result(s)
of which trial(s)?

F. Trial | only
. Trial & only
H. Trials 1 and 4 mﬂ}'
J. Trials 4 and 8 only

Based on the results of Sty 1, i which direction did
£ most likely point in Study 2, and i which direction
did E mest likely point in Study 3 7
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Onee o CRT s sealed, 11 cannot be reopened, However,
because both Voand & are controlled from the outside,
2 CET can be used repeatedly under varying condi-
tions. Based on the descriptions of Studies 13, what is
the mirimum number of different CRTs that the stu-
dents required to complete the 3 studics?

F. 1
G 3
H. 11
I 16
Suppose that the students hod performed a trial in

which the cathode rays traveled all the way from the
filament to the screen in a straight-line path, striking
the screen at ¥ = 0 cm. Based on the results of Stud-
ics | and 2, which of the following statements about ¥
and the magnitude of E in this trial would have been
irue?

Ao Vowas zero bt the magnitude of E was nonzero,
B, Vwas nonzero but the magnitude of B was zero,
C. Both ¥ and the magnitude of E were zero

Ib. Both ¥ and the magnitude of £ were nonzero.

. In a CRT, E is generated by building up equal and

opposite electric charges on the 2 conducting plates.

Susp:}s.c that cathode rays are pegatively charged. If E

is directed downward as shown in Figore 1, which con.

ducting plate 15 more likely the negatively charged

plate?

F. The top plate, because charges of like sign are
attracted to each other.

. The top plate, because charges of like sign are
repelled from each other.

H. The bottom plate, becanse charges of like sign are
attracted o cach other.

J. The bottom plate, becanse charges of like sign are
repelled from each ather.

GO ON TO THE NEXT PAGE.



